The objective of this study was to estimate the prevalence of obesity among schoolchildren in Khartoum state, Sudan. Multistage stratified random sampling methodology was used. Sampling included different residential areas within the state. A total of 1138 children between the ages of 10 and 18 years were involved in the study. More than 9% of the children were obese, 10.8% were overweight whereas combined overweight/obesity scored 20.5%. The prevalence of combined overweight/obesity among higher, middle and lower socioeconomic class children was 56.8, 27.3 and 3.1%, respectively. These figures, being higher than those reported among Nigerian and South African children, living in similar conditions, may refer to an emerging problem of overweight and obesity especially among children of the higher and middle class families. Adoption of national programs of promoting healthy food habits and physical activity among children is recommended.
Introduction
The prevalence of childhood overweight and obesity has increased considerably in both the industrialized and developing countries. A survey of available studies showed that the prevalence of overweight and obesity was 20-40% in the Mediterranean countries, whereas it was only 10-20% in North European countries (Lobstein and Frelut, 2003) . Low or high birth weight, inadequate early feeding, reduced physical activity and parental obesity have all been shown to be predisposing factors for child obesity (Reilly et al., 2005) , whereas maternal breast-feeding has been shown to be protective (Gillman et al., 2006) although this latter statement has been challenged (Araujo et al., 2006) . This study presents the first obesity survey results in Sudan from a representative sample of 10-to 18-year-old schoolchildren in Khartoum state, the population of which is an admixture from all over the country.
Subjects and methods
A total of 1138 children from 28 primary/secondary schools were included, all were informed of the objectives and the procedures of the study. Multistage stratified random sampling technique was used. In the first stage, representative residential areas within Khartoum state were selected. At the second stage, one or several schools from each area were randomly selected to represent at least one-tenth of the total number of children. At the third stage, a number of classes were randomly drawn to obtain balanced samples corresponding to one-tenth of the total number of children aged 10-18 years for the given residential area. Permission to conduct the study was obtained from the local education and health authorities. For each participant, the date of birth, body weight and height were recorded. Body mass index (BMI) was calculated by dividing body weight (in kg) by the square of height (in meters). The family income was estimated by a 1-5 score determined by the sum of the scores of two parameters: the parents' salary, scored as 3, 2, 1 and 0 (where 3 represents the highest salary and 0 represents unemployment) and the type of child education; private or public, scored as 2 and 1, respectively. A child's family was classified as higher (score ¼ 5), middle (score ¼ 3-4) or lower socioeconomic class (score ¼ 1-2). BMI-for-age percentiles were obtained using charts developed by the World Health Organization (http://www.who.int/growthref/cht_bmifa_). Underweight, normal weight, overweight and obese children were defined as BMI-for-age percetiles of o3rd, X3rd to o85th, X85th to o97th and X97th, respectively. All the data analysis was performed using the SPSS 15.0 for Windows software package (SPSS, Chicago, IL, USA).
Results
Overall, 1138 children were included, of whom 526 were boys and 612 girls. Age range was 10-18 years for boys, 10-17 years for girls. The overall prevalence of overweight and obesity was 10.8 and 9.7%, respectively. In boys and girls it was 9.9, 11.4 and 11.6, 8.2%, respectively, P ¼ 0.001 (Table 1 ). The effect of socioeconomic class (SEC) on the prevalence of obesity and overweight is shown in Table 2 . The highest prevalence of overweight and obesity was observed among the higher SEC with incidence rates of 18.6 and 38.2%, respectively, whereas the lowest prevalence of obesity and overweight was observed among the lower SEC with incidence rates of 2.9 and 0.2%, respectively. The middle SEC had higher prevalence of overweight (19.7%) but much lower obesity rate (7.6%) compared with the higher SEC, P ¼ 0.00 (Table 2) .
Discussion
Behavioral and environmental factors are largely responsible for the dramatic increase in the incidence of obesity (Reilly et al., 2003; Wang and Zhang, 2006) . These factors include availability, cost, taste and energy density of food, portion size, snacking, increased use of automobiles, energy-saving appliances, televisions and computers, and psychological or emotional response to food. This study presents the first results from a representative sample of 10-to 18-year-old schoolchildren in Khartoum state, Sudan. It provides an important baseline from which to study future trends in obesity and to monitor the impact of public health strategies. Results of survey showed an overall prevalence of overweight, obesity and combined overweight/obesity to be 10.8, 9.7 and 20.5%, respectively. These figures are much higher than those reported among Nigerian adolescents where the prevalence of overweight and obesity in urban and rural areas of Lagos was 3.7, 0.4, 3, and 0.0%, respectively (Ben-Bassey et al., 2007) . On gender segregation, overweight, obesity and combined overweight/obesity rates among boys and girls were found to be 9. 9, 11.4, 21.3, 11.6, 8.2, and 19 .8%, respectively. Combined overweight/obesity rate is comparable, especially among girls, to that reported in a poor setting in South Africa where it scored 20.25% (KimaniMurage et al., 2010) . However, prevalence of combined overweight/obesity was 21.3% in our boys compared with 0.0% in the South Africans. In contrast to what was reported in some European countries like UK (Jebb et al., 2004) , this study has highlighted a particularly significant high prevalence of overweight/obesity (56.8%) among the higher social class children. Obesity alone was found to affect 38.2% of these children. Lately a large number of displaced people from all over the country have settled in Khartoum. Such urbanization is usually associated with changes in diet and physical activity (Godfrey and Julien, 2005) . Moreover, the change in Khartoum in the past 10 years toward sedentary life style and snacking, especially among the middle and higher class children, may explain the high prevalence of overweight/obesity among them. There were significant differences between boys and girls. Boys tend to be more obese but less overweight than girls (Table 1) . We cannot explain why prevalence of obesity seemed to be increased among boys. Whatever the explanation, further monitoring will be required to determine if this finding was a random fluctuation or a trend. Results of this study represent an alarm for emerging epidemic of overweight/obesity among children from higher class and to less extent middle class families in Khartoum. Accordingly, large-scale obesity preventive actions and programs of promoting healthy food habits and physical activity among children must be adopted.
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